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INTRODUCTION
Last years progress in studies of immunological properties and chemical modifications of polypeptide toxins as well as in determination of amino acid sequences and, for some of them, spatial structures reveal that their action on exitable membrane is polyfunctional. This action depends on such factors as toxin spatial arrangement features, distribution of charge and its polarizability, peripheral hydrophobic structure, accessibility of individual amino acid residues and their ability to interact with invironment. Being relatively small in size and having a high affinity to receptor, sea anemone toxins fall within distinct class of polypep$ides, which is most suitable for investigation of gating mechanism of Na-channel. In the present paper primary and secondary structures as well as topography of hydrophobic regions of 14 polypeptide sea anemone toxins are compared with their pharmacological and immunochemical activities.
CLASSIFICATION OF SEA ANEMONE TOXINS
To date amino acid sequences have been determined for 14 toxins isolated from 7 species of sea anemone. Studied by us R a d i a n t h u s m a c r o d a c t y l u s species extends known data on chemical structure of sea anemone toxins (Table 1 ) . Our studies make it possible to include during classification more number of properties characterizing structure-function relationship. As shown in Table 1 , high similarity is observed for sequences of all toxins investigated. For elucidation of homology several gaps were introduced to maximise alignment and exchange of amino acids possessing similar side chains or twinned exchange of oppositively charged residues, which fail to effect the probable salt bridges, was not taken into account. According to amino acid sequence homology sea anemone toxins may be divided into two groups; namely 'chose isolated from R a d i a n t h u s sp. and S t o i c h a c t i s h e l i a n t h u s (R-group) and those isolated from Anemonia s u l c a t a and A n t h o p l e u r a sp. (A-group).
Difference between R-and A-group toxins is manifested by content of some amino acids, total charge of molecule, receptor binding ability (see Table 2 ) and in immunochemical behaviour (ref. 1 -2 ) . All A-toxins are positively charged, but R-toxins have negative or zero charge at pH 7.0. Number of possible salt bridges in toxins of R-group is higher because of content of twinned oppositively charged residues in higher then that in A-toxins. Comparison of immunochemical behaviour and data of competition experiments on rat brain synaptosomes (ref. 1 -2 ) shows that representatives of A-and R-group belong to two different immunological groups and receptor binding ability of A-toxins is higher then that of R-toxins. Note, sea anemone 
Sea anemones: R a d i a n t h u s m a c r o d a c t y l u s ( R m ) , R. p a u m o t e n s i s (Rp) ,
S t o i c h a c t i s h e l i a n t h u s (Sh) , Anemonia s u l c a t a (As), A n t h o p l e u r a f u s c o v i r i d i s 0 , e l e g a n t i s s i m a (Ae) and A. xanthogrammica (Ax).
a 
As-I tion experiments involving either xin from scorpion A n d r o c t o n u s a u s t r a l i s Hector (ref. 1 -2 ) .
[I2511 As-I1 or [ 12.511 AaH-11, a to-N -t e r m i n a l F i g . 1 . Elements o f s e c o n d a r y l o o p p -t u r n s t r u c t u r e and hydrophobic r e g i of s e a anemone t o x i n s .
-t e r m i n a l / -4-s trande?
c-termina -hydrophobic r e g i o n p -s h e e t 3 -5 ) . W e have compared t h e CD-spectra of w i d e r s e r i e s o f r e p r e s e n t a t i v e s of A-and R-toxins ( n o t shown). The shape and a m p l i t u d e s of CD-spectra of b o t h t o x i n g r o u p s a r e s i m i l a r . The main e l e m e n t s o f s p a t i a l s t r u c t u r e of s e a anemone t o x i n s drawn a c c o r d i n g t o NMR-spectroscopy d a t a a r e s c h e m a t i c a l l y a r e r e p r e s e n t e d i n f i g . 1 . A s shown, a n t i p a r a l l e l 4 -s t r a
.ons t o x i n s a r e d i v i d e d i n t o two g r o u p s a c c o r d i n g t o s t r u c t u r a l and immunochemical
p r o p e r t i e s , b u t n o t t h e t o x i c i t y . By o t h e r words, a n a l y s i s of t h e s e p r o p e r t i e s i s n o t q u i t e enough t o e x p l a i n d i f f e r e n c e s i n t h e i r p h a r m a c o l o g i c a l e f f e c t v a l u e s . Below w e s h a l l d i s c u s s i f compa.rison o f t o x i n s p a t i a l o r g a n i z a t i o n c a n d i s o l v e t h i s problem.
SECONDARY STRUCTURE OF SEA A N E M O N E T O X I N S
R e c e n t l y , e l e m e n t s of s e c o n d a r y s t r u c t u r e o f t h r e e t o x i n s (Ax-I, Rp-I1 and A s -I ) have been e s t a b l i s h e d by t w o -d i m e n t i o n a l p r o t o n NMR-spectroscopy ( r e f .
n d e d p -s h e e t seems t o be t w i s t e d due t o " r i g i d " a r r a n g e m e n t of t h r e e d i s u l f i d e l i n k s . T h i s i s p a r t i c u l a r l y confirmed by e v i d e n c e t h a t i n d o l r i n g s of TRP-23 and Trp-33 i n A-toxins a r e c l o s e r e d t o e a c h o t h e r ( r e f . 3 ) . F i n a l l y , comparison of NMRand CD-spectroscopy d a t a a s w e l l a s h i g h homology of amino a c i d s e q u e n c e s w i t h i n an e v e r y group r a i s e s e r i o u s r e a s o n t o s u g g e s t t h a t p o l y p e p t i d e c h a i n s of a l l s t u d i e d s e a anemone t o x i n s have t o f o l d i n t h e s i m i l a r manner. Second a r y s t r u c t u r e of t h e s e t o x i n s h a s f o l l o w i n g common c h a r a c t e r i s t i c f e a t u r e s :
a ) a b s e n c e of d -h e l i x ; b ) a n t i p a r a l l e l 4 -s t r a n d e d p -s h e e t c o r e c o n n e c t i n g r e g i o n s 2-6 c* 1 8 -2 4 0 4 1 -4 8 H 30-36 of p o l y p e p t i d e c h a i n ; c ) r e v e r s e p -t u r n 
Such a s t r o n g s t r e s s i n s p a t i a l s t r u c t u r e f o l d i n g of s e a anemone t o x i n s due t o t h r e e d i s u l f i d e l i n k s and a number of s a l t b r i d g e s imposes l i m i t a t i o n i n p r o g r e s s o f s e c o n d a r y p r e d i c t i o n . I n f i g . 2 r e s u l t s o f some c a l c u l a t i o n of t o x i n s e c o n d a r y s t r u c t u r e by methods o f Chou and Fasman ( C

l t s o f t h e s e p r e d i c t i o n s w i t h NMR-spectroscopy d a t a (NMR i n f i g . 2 ) r e v e a l s t h a t used methods d e s c r i b e i n o u t l i n e c o r r e c t l y main e l e m e n t s of s e c o n d a r y s t r u c t u r e ; t h e g r e a t e s t a c c u r a c y of p r e d i c t i o n d e m o n s t r a t e s method of Dufton and H i d e r .
For R-toxin (Rp-11) s u c c e s s r a t e i s lower e s p e c i a l l y a t t h e N-and C -t e r m i n a l r e g i o n s , where t h e r e i s a number o f e a s i l y i o n i z a b l e s i d e c h a i n s b e i n g a b l e t o form s a l t b r i d g e s .
T o g e t h e r w i t h e x p e r i m e n t a l d a t a r e s u l t s o f p r e d i c t i o n method c o n f i r m a d d i t i on a l l y a c l o s e s i m i l a r i t y o f s e c o n d a r y s t r u c t u r e of R-and A-toxins. Absence of c l e a r d i f f e r e n c e s i n o v e r a l l s p a t i a l s t r u c t u r e of s e a anemone t o x i n s e r i e s i n d i c a t e s t h a t s i g n i f i c a n t v a r i a b i l i t y of t h e i r t o x i c i t y i s p r o b a b l y c a u s e d by s u r f a c e p r o p e r t i e s of t o x i n m o l e c u l e s . 
HYDROPATHIC PROFILES OF SEA A N E M O N E T O X I N SEQUENCES
C a l c u l a t i o n of h y d r o p a t h i c p r o f i l e s by method o f Kyte and D o o l i t t l e ( r e f . 1 1 ) d e m o n s t r a t e s t h a t a l l i n v e s t i g a t e d t o x i n s a r e c h a r a c t e r i z e d by two hydrophobic
Comparison of NMR-spectroscopy d a t a and r e s u l t s of p r e d i c t i o n methods on s e c o n d a r y s t r u c t u r e o f t h r e e s e a anemone t o x i n s : a -h e l i x ; -p -s h e e t and D p -t u r n s ( f o r comments see t h e t e x t ) .
from T a b l e 2 t o t a l h y d r o p h o b i c i t y of t h i s r e g i o n of A-toxins i s , a s h i g h e r t h e n t h a t o f R -t o x i n s . T h i s c o r r e l a t e s r a t h e r w e l l w i t h h i g h e r c o n s t a n t s (K.. of Asp-7 a n d / o r Asp-9 r e s i d u e s a f f e c t s on t h e C -t e r m i n a l r e g i o n a n d , h e n c e , on t h e t o x i c i t y of A-toxins ( a s d i s c r i b e d i n r e f . 13). I n d e e d , i n a c c o r d a n c e w i t h immunochemical s t u d i e s ( r e f . 14) b e i n g n o t p a r t i c i p a t e d i n i n t e r a c t i o n w i t h r e c e p t o r t h e s e r e s i d u e s may a l t e r l y s i n e r e s i d u e s t a t e n e a r C -t e r m i n a l l o o p owing t o d i s r u pt i o n of s a l t b r i d g e a f t e r m o d i f i c a t i o n .
